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Abstract 
This article makes an investigation into the creep behavior and deformation features of FGH95 powder Ni-base superalloy by 
means of creep curves and microstructural observation. Results show that this superalloy exposes obvious sensibility to the ap-
plied temperature and stresses in the experimental range. Microstructure of the alloy consists of Jc phase of various sizes and 
dispersed carbide particles precipitated in the wider crystal boundaries between the powder particles. During the creep, the de-
formation of the alloy occurs in the form of single- or double-oriented slipping inside the grains, and some of the finer carbide 
particles are precipitated near the slipping traces. The wide grain boundaries might be broken into the finer grains due to severe 
deformation. The deformation mechanism of the alloy during creep is thought to be the activation of dislocations of dou-
ble-oriented slipping, including (1/2)<110> dislocation inside the J matrix phase and <110> super-dislocation inside the Jc phase. 
The formation of the stacking faults and (1/3)<112> super-Shockleys partial dislocation configuration is attributed to the de-
composition of <110> super-dislocation in the Jc phase.  
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1. Introduction 
FGH95 powder Ni-base superalloy has long found 
wide applications in producing turbine disks because it 
possesses a high volume fraction of Jc strengthening 
phase and better mechanical properties at upward of 
650 qC [1-5]. The preparation of FGH95 powder Ni-base 
superalloy includes powder pretreatment, hot isostatic 
pressing (HIP), and heat treatment. Microstructure of 
the alloy consists of J, Jc phases and carbides[6-7]. 
Moreover, the size, shape, and distribution of Jc phase 
depend on the HIP and heat treatment technology[8]. In 
the pretreatment, the powder particles inside a billet 
are diffusely linked with each other, and some finer 
carbides precipitate along the grain boundaries to in-
crease the linking strength of the particles[9]. At high 
temperatures during HIP, the density of the alloy may 
improve to enhance the creep property of the alloy at 
elevated temperatures[10-11]. Although the influences of 
the preparation technology on the microstructure and 
properties of FGH95 superalloy have been widely in- 
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vestigated[12-13], those on the creep behavior and the 
deformation features of FGH95 powder superalloy are 
still waiting to be explored. 
This article is meant to clarify the effects of the 
preparation technology upon the microstructure and 
properties of FGH95 powder Ni-base superalloy by 
means of the measurment of creep curves and micro-
structure observation, and the associated deformation 
features of the alloy during creep are briefly discussed. 
2. Experimental Procedure 
A pack made with a stainless steel vessel containing 
the FGH95 Ni-base superalloy powder about the size 
of 150 mesh was pretreated at 1 050 qC for 4 h. After 
water quenching, the pack underwent hot isostatic 
pressing for 4 h at 1 180 qCu120 MPa, then furnace 
cooled. The heat treatment regime is as follows: 
1 160 qCu2 h, air cooling (A.C.) + 880 qCu1 h, A.C.+ 
650 qCu24 h, A.C. Table 1 shows the chemical com-
position of FGH95 Ni-base powder superalloy. 
The billet of FGH95 superalloy was cut into speci-
mens with a cross-section of 4.5 mm u 2 mm and a 
gauge length of 20 mm. Uniaxial constant load tensile 
testing was performed on a GWT504 model creep 
testing machine to measure creep curves under differ-
ent conditions. Microstructure and deformation fea-
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tures of the alloy at different states were observed by 
using scanning electron microscope (SEM) and trans-
mission electron microscope (TEM). 
Table 1  Composition of FGH95 Ni-base powder super- 
alloy                              wt% 
3. Experimental Results and Analysis 
3.1. Creep features of FGH95 powder superalloy 
Fig.1 shows the creep curves of FGH95 powder su-
peralloy under different conditions. Fig.1(a) shows the 
creep curves of the alloy under the applied stress of 
1 034 MPa at different temperatures, which displays a 
lower strain rate and longer creep life at 630 qC. The 
strain rate of the superalloy during the steady state 
creep is measured to be 2.95u105/h; the steady stage 
of creep state lasts about 250 h, and the creep life is up 
to 380 h. As the temperature is raised to 640 qC, the 
strain rate at steady state creep stage is measured to be 
5.11u105/h, the duration of the stage is shortened to 
about 70 h and the creep life being about 144 h. When 
the temperature is further increased to 650 qC, the 
creep life reaches 32 h. It suggests that FGH95 powder 
superalloy is obviously sensitive to the applied tem-
perature. 
 
Fig.1  Creep curves of FGH95 powder Ni-base superalloy 
under different conditions. 
Fig.1(b) shows the creep curves of the superalloy 
under different applied stresses at 650 qC, which dis-
plays a shorter initial and a longer steady creep stage-
under the applied stress of 984 MPa with the strain rate 
at steady creep stage being 3.55u105/h and the creep 
life being about 260 h. As the applied stress increases 
to 1 010 MPa, the strain rate rises to 5.78u105/h, and 
the creep life decreases to about 205 h. The creep life 
drops to 32 h when the applied stress increases to 
1 034 MPa. Therefore, the superalloy is sensitive to 
the applied stress when it exceeds 1 010 MPa. 
3.2. Creep equation and relevant exponent 
Transient strain generates when a load is applied at a 
high temperature, and the strain rate decreases as creep 
continues. The strain rate becomes constant once the 
creep has attained the steady state stage. The strain rate 
in Dorn’s creep law can be expressed by 
a
ss A exp
n QA
RT
H V § · ¨ ¸© ¹            (1) 
where ssH  is the strain rate in steady creep state, A the 
microstructure-dependent constant, VA the applied 
stress, n the apparent stress exponent, R the gas con-
stant, T the absolute temperature, Qa the apparent creep 
activation energy. 
According to Dorn’s creep law, in the experimental 
range of applied stress and temperature, the creep ac-
tivation energy and stress exponents of FGH95 super- 
alloy in steady state creep stage can be determined as 
follows: Qa = 381.1 kJ/mol and n = 17.9, respectively. 
3.3. Microstructure of FGH95 superalloy 
Fig.2 shows the microstructure of FGH95 superal-
loy in different states. Fig.2(a) shows its morphology 
after having pretreated at 1 050 qC and sintered by HIP 
at 1 180 qC. It may be observed that the powder parti-
cles are linked to each other through some linking 
bands amongst them. The large-size Ȗ c phase precipi-
tates within the bands, whereas the small-size Ȗ c phase 
is regularly arranged along the different directions 
within the powder particles. Fig.2(b) shows the finer 
Ȗ c phase with the size of about 0.2 Pm regularly pre-
cipitated within different grains after having been so-
lution treated for 4 h at 1 160 qC and air-cooled and 
aged for 24 h at 650 qC. During solution treatment, 
much of the thicker Ȗ c phase within the linking bands 
dissolves, but little of it still exists amongst the parti-
cles as indicated by the arrowhead in Fig.2(b). More-
over, some of the finer nanometer-sized Ȗ c phases pre-
cipitate between the regularly arranged Ȗ c phases as 
indicated by an arrowhead in Fig.2(c). If the thicker Ȗc 
phase precipitated during pretreatment and HIP is de-
fined as the primary phase, the Ȗ c phase precipitated 
during cooling after solution could be viewed as the 
secondary phase. During the second aging, the secon-
dary Ȗ c particles will slightly grow up, and the finer 
C Cr Co W Mo 
0.06 12.98 8.00 3.40 3.40 
Al Ti Nb Ni  
3.48 2.55 3.50 Bal.  
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nanometer-sized Ȗ c phase precipitate between the regular 
arranged secondary Ȗ c columns as shown in Fig.2(c).  
 
Fig.2  Microstructural morphology of FGH95 superalloy 
under different conditions. 
3.4. Deformation features of superalloy during creeping 
Fig.3 shows the morphology of the superalloy after 
it has undergone creep for 260 h up to rupture under 
the applied stress of 984 MPa at 650 qC. Regarded as 
grain boundaries, the linking bands between the pow-
der particles after rupture looks still wide, and are 
twisted in an irregular form as indicated by an arrow-
head in Fig.3(a). In Fig.3(b), the arrowhead indicates 
single-oriented slipping traces within the grains which 
is starved of Jc phase; some white particles are precipi-
tated within the grain boundaries as marked with a black 
arrowhead in Fig.3(b). Fig.3(c) shows finer white parti-
cles precipitated near the slipping trace lines. 
The morphology of the superalloy after it has un-
dergone creep for 4 h up to rupture under the applied 
stress of 1 034 MPa at 680 qC is shown in Fig.4, which 
illustrates the appearance of double-oriented slipping 
traces within the grains due to the higher strain rate as 
shown in Fig.4(a). Some irregular finer grains appear 
in the boundary regions, which differentiate obviously 
in grain size. Some thicker Jc phases precipitate in the 
boundary region, where the creep resistance is lower 
due to the starved of the finer Jc phase. The severe de-
formation of alloy occurs, firstly, in the boundary re-
gions during creep under the high stresses, which 
cause the boundaries broken into irregular finer grains.  
 
 
Fig.3  Microstructure of superalloy after having undergone 
creep up to fracture under applied stress of 984 MPa 
at 650 qC. 
At the same time, some of finer white particles pre-
cipitate alongside the slipping traces within the grains 
as indicated by the arrowheads in Fig.4(b). Further, the 
white particle phase has been identified as carbides 
containing the elements Nb and Ti through SEM /energy 
disperse spectroscopy (EDS) composition analysis.  
Under the applied stress of 984 MPa at 650 qC, the 
microstructure of the superalloy after it has undergone 
creep for 260 h up to fracture is shown in Fig.5, where 
the dislocation of double-oriented slipping is activated 
in the J matrix in the local region as shown in Fig.5(a). 
The main slip directions of the dislocation are indi-
cated by arrowheads in Fig.5(a), and the dislocation 
tangles distribute in an almost level direction with 
some bundle-like dislocations arranged in an upright 
direction. As creep continues, the deformed dislocation 
moves in the matrix of the superalloy, thus forming the 
dislocation pile-ups. Some (1/2)<110> dislocation is 
activated in the local regions of J matrix to form the 
row-like configuration as shown in Fig.5(b). The row- 
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like dislocations scattering in the matrix plays a role of 
the deformed strengthening, increasing the creep re-
sistance of the superalloy. At the same time, the <110> 
super-dislocation is activated in the Jc phase as indi-
cated by the arrowhead, and the stacking fault is dis-
played in the Jc phase as marked by the letter M in 
Fig.5(c). It can be followed through analysis that the 
decomposition of <110> super-dislocation causes the 
stacking fault between the two (1/3)<112> super- 
Shokleys partials[14]. 
 
Fig.4  Microstructure of super alloy after it has crept up to 
fracture under applied stress of 1 034 MPa at 680 qC. 
 
 
 
Fig.5  Deformation features of superalloy after it has crept 
for 260 h up to fracture under applied stress of 984 
MPa at 650 qC. 
4. Conclusions
(1) Under the applied stress of 1 010 MPa at 650 qC, 
FGH95 powder Ni-base superalloy is characterized by 
a lower strain rate and a longer creep lifespan, and 
strong sensitivity to applied temperatures and stresses 
in the experimental range. The apparent activating 
energy and stress exponent of the alloy during creep-
ing are measured to be 381.1 kJ/mol and 17.9, respec-
tively. 
(2) The microstructure of the alloy consists of dif-
ferent-size Jc phase and carbides. The powder particles 
are separated by wider grain boundaries, and some of 
the thicker Jc phases distribute inside the grains. Dur-
ing creeping, the single- or double-oriented slipping of 
dislocation is activated in the grains, and the finer car-
bides precipitate alongside the slipping trace. The 
wider grain boundaries are broken into finer grains due 
to severe deformation.  
(3) During creeping, the deformation mechanism of 
alloy is the double-oriented slipping of dislocation, 
including that (1/2)<110> dislocation is activated in 
the J matrix, <110> super-dislocation is activated 
within Jc phase, and <110> super-dislocation may be 
decomposed into two (1/3)<112> super-Shockleys 
partials, and the stacking fault exists in between the 
partials. 
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